The administration of furosemide, a medium also decreases the rate of gluhenzothiadiazine analogue, to rats recase utilization of normal rats' fat tissue suits in elevation of the initial and e-hour in vitro. 
METHODS AND RESULTS
Three studies were carried out in order to determine: (1) if the administration of furosemide to rats alters their blood glucose concentrations, both before and after glucose loading, (2) if furosemide given to rats decreases the rate of utilization of glucose in vitro by their fat tissue; and (3) if the presence of furosemide in an in vitro system decreases the rate of utilization of glucose by normal rats' adipose tissue.
Glucose Tolerance Tests on Rats
Male Sprague-Dawley rats were given 100 mg. furosemide/Kg. body weight/day in drinking water for 2 weeks. Similar rats were given tap water to drink. At the end of 2 weeks oral glucose tolerance tests were clone on each of the rats by giving them 1.75 Cm. glucose/Kg. body weight through a stomach tube. Blood was obtained by clipping the tail and glucose determinations were done by the Nelson-Somogyi method." Results are shown in Table 1 . Mean glucose values were significantly higher for both initial (p < 0.02 > 0.01) and Z-hour postglucose loading blood samples (p < 0.001) for rats which had been given furosemide compared to the respective blood glucose levels of control animals on tap water. The differences from the control values of the mean blood glucose concentrations at l/2, 1, and 1% hours after giving glucose to the rats receiving furosemide did not reach the level of statistical significance, however, and are not shown. 
Glucose Utilization In Vitro of Adipose Tissue from Rats Receiving Fzcrosemide
Male Sprague-Dawley rats weighing 220 to 260 Cm. were divided into 3 groups. One group was subdivided and given either 10 or 100 mg. furosemide/Kg. body weight/day; one was given 10 mg. hydrochlorothiazide/Kg. body weight/day, and the third group served as controls. Drugs were given in drinking water. At the end of 2 weeks the nonfasting rats were decapitated, epididymal fat pads removed and the peripheral 5 mm. of each was cut into 8 pieces. Four pieces of fat pad, each from a different rat, but of the same group, were placed in a tared flask containing 3 ml. chilled. modified Krebs' bicarbonate buffer solution, previously equilibrated with 5 per cent CO,-95 per cent 0,, containing 200 mg. glucose/100 ml., and 0.25 units crystalline insulin* and 2 mg. gelatin/ml.
Flasks were shaken for 2 hours at 37 C., then flasks plus tissues were weighed. Media glucose determinations before and after incubation were done by the Nelson-Somogyi method.3
Results are shown in Table 2 . The adipose tissue of rats receiving either 10 (Exp. 1 and 2) or 100 (Exp. 3 and 4) mg. furosemide/Kg. body weight/day for 2 weeks utilized significantly less glucose than did that from normal rats (p < 0.02 > 0.01 for 10 mg./Kg. dose and < 0.001 for 100 mg./Kg. dose). Hydrochlorothiazide given to rats also produced a significant decrease in the rate of utilization of glucose by their epididymal fat tissue as compared to that of normal rats in each of the 2 series of experiments (p < 0.01 > 0.001 and < 0.001). The administration of both dosage levels of furosemide to rats appeared to exert an inhibitory effect on glucose utilization by their adipose tissues of approximately the same magnitude.
This inhibitory action of furosemide was similar to that elicited by giving rats 10 mg. hydrochlorothiazide/Kg. body weight/day for 2 weeks.
*Kindly supplied by Eli Lilly and Co. 
C;lucose Utilization In Vitro of Normal Rats Adipose Tiawe lcith Furo.v:nti& Present in the kledium
Epididynal fat pads from nornd rats were hanclletl in a manner similar to the stud\ described above except that the in citro system contained no insulin or gelatin.
One-half of the flasks contained h~rosemicle in a concentration of 1 X 10-X molar in the incubational media. The mean ghlcose disappearance rates of 5 separate experiments, as well ;IC those of a sixth experiment clone at a later date. are shown in Table 3 . 
DISCUSSION

Furosemide
has an effect on carbohydrate metabolism which qualitatively is similar to that of chlorothiazide, diazoxide and other thiazides.2 These drugs appear to exert their inhibitory action on glucose utilization through several mechanisms. It has been demonstrated in patients that thiazides decrease the level of serum insulin-like activity.4 This in turn probably interferes with the cellular entry of glucose in those tissues where glucose transport into the cell is facilitated by insulin. Thiazides given to rats also cause a decrease in the activities of their liver glucokinase and dihydroxyacetone-kinase," enzymes which require insulin for their synthesis, thereby decreasing the rate of phosphorylation of glucose and dihydroxyacetone. This would appear to be another result of the lowered level of insulin-like activity. An additional action of thiazide drugs on carbohydrate metabolism is demonstrated when chlorothiazide, added directly to the incubating medium, decreases the in vitro rate of utilization of glucose by normal rats' adipose tissue.6 Furosemide has a similar action. This direct effect of these drugs on the rate of glucose utilization of fat tissue is apart from their ability to lower the level of serum insulin-like activity and represents a direct inhibitory action on some phase of glucose metabolism.
It is of interest that furosemide alters carbohydrate metabolism in a manner similar to that produced by chlorothiazide and diazoxide. The structures of chlorothiazide and diazoxide are similar, both having dioxide at the 1 position (Fig. 1) . Th' is is lacking in furosemide which has instead a sulfamoyl group which it shares in common with chlorothiazide, but which is not part of the diazoxide molecule. It is possible that the carboxyl group in furosemide functionally serves in place of the dioxide. Clinically diazoxide appears to be a rather potent hyperglycemic agent," while furosemide seems to cause less hyperglycemia in patients than do the commonly used thiazide diuretics.i Abnormal elevation of the blood sugar on glucose tolerance testing related to furosemide administration does occur. however.x Perhaps the lesser degree of disturbance of glucose metabolism by furosemide is related to its shorter duration of action, as judged by its diuretic activity, thus allowing more time free from its effect on carbohydrate metabolism. The basic mechanisms of action of furosemide on glucose utilization, however, appear to be similar to those of chlorothiazide and other benzothiadiazine drugs.
